Spatial and temporal variability of growing conditions which affects the production process management is characteristic of agrophytocenosis. Spatial heterogeneity of soil essential properties is widely reported. A precision fertilization should be effective tool to control crop productivity. The highest potential of such fertilization could be expected for vegetable crops in the favorable soil and climatic conditions of the Nechernozemie of North-West Russia. In a microvegetation stationary two-factor experiment, plastic bottom-less pots of 1 m 2 area were used to artificially form the upper part of the soil profile (A arable 0-22 cm and А 2 В 22-40 cm horizons) simulating natural lithogenic mosaics of agro sod-podzolic sandy, sandy loam, light loam and medium loam soils subjected to weak and good cultivation. Their minimum, maximum, and average parameters for the 0-22 cm horizon were as follows: рН KCl of 4.34-6.35 and 5.40, humus content (by Tyurin) of 0.92-2.50 and 1.72 %, labile phosphorus and potassium (according to Kirsanov) of 125-550 and 390 mg/kg and 22-400 and 209 mg/kg, respectively. The vegetable crop rotation included black radish (Raphanus sativ-
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Spatial and temporal variability of growing conditions which affects the production process management is characteristic of agrophytocenosis. Spatial heterogeneity of soil essential properties is widely reported. A precision fertilization should be effective tool to control crop productivity. The highest potential of such fertilization could be expected for vegetable crops in the favorable soil and climatic conditions of the Nechernozemie of North-West Russia. In a microvegetation stationary two-factor experiment, plastic bottom-less pots of 1 m 2 area were used to artificially form the upper part of the soil profile (A arable 0-22 cm and А 2 В 22-40 cm horizons) simulating natural lithogenic mosaics of agro sod-podzolic sandy, sandy loam, light loam and medium loam soils subjected to weak and good cultivation. Their minimum, maximum, and average parameters for the 0-22 cm horizon were as follows: рН KCl . For a comparison, we used different system of fertilization, i.e. control (no fertilizers); zonal system (ZS); precision fertilization 1 (PF-1); precision fertilization 2 (PF-2). In the ZS providing for a uniform application of the fertilizers based on the average soil properties, we used lime (4.5 t/ha + N 95 Р 20 К 125 ) for black radish; manure (45 t/ha) + N 100 Р 30 К 90 for potatoes; N 130 Р 50 К 150 for beetroot; lime (2.1 t/ha) + manure (50 t/ha) + N 120 Р 10 К 90 for cabbage; and N 100 Р 40 К 130 for carrot. In the PF-1, two months before the radish was sown a precision soil cultivation has been performed using lime at 0-20 and 6.6 t/ha, peat at 0-900 and 390 t/ha; phosphorite flour at 0-750 and 94 kg/ha; potassium sulfate at 0-1710 and 407 kg/ha (as min-max and average). Further application of organic and mineral fertilizers before sowing (planting) was uniform, i.e. N 70 К 60 for black radish; manure (45 t/ha) + N 80 К 100 for potatoes; N 100 Р 30 К 130 for beetroot; manure (50 t/ha) + N 100 Р 10 К 70 for carrot; N 100 Р 10 К 120 for white cabbage. In PF-2 providing average doses of all fertilizers equal to these in ZS, but differentiated for each pot based on actual soil parameters, we used lime (0-12 t/ha) + N 70-120 Р 0-90 К 60-200 for black radish; manure (30-65 t/ha) + N 80-110 Р 0-110 К 70-150 for potato; N 90-170 Р 0-150 К 80-240 for beetroot; lime (2.1 t/ha) + manure (30-70 t/ha) + N 110-135 Р 0-60 К 40-120 for cabbage; N 85-115 Р 10-90 К 79-180 for carrot. The experiments were arranged in four replications. In a field experiment the precision fertilization provided an increase in the productivity of vegetable crop rotation of 22.3 and 43.5 t/ha in control and ZS, respectively, to 47.9-49.4 t/ha. PF-1 and PF-2 resulted in the Сv reduction from 32 % and 16 % in the control and ZS to 9 %, and in an increased natural profitability of fertilizers by 21-49 %. A responsiveness of vegetable crop rotation to precision fertilization depended on biological features, the specific farming techniques and soil conditions. A decreasing responsiveness was as follows: black radish > car-rot  beet > potatoes > cabbage. A uniform application of high doses of organic fertilizers was the factor reducing precision fertilization effectiveness. Significant advantage of PF-1 compared to PF-2 was established only for black radish, beet and carrot. When designing precision fertilization technologies, one should take into account the following decrease in sensitivity of vegetable crops in crop rotation to optimized (reduced) doses of fertilizers in the well-cultivated parts of a field: cabbage > beet > carrot > radish black > potatoes. Due to differentiated doses of ameliorants and fertilizers and integrated optimization of soil properties, the precision fertilization eliminates the effect of soil heterogeneity in cultivation and granulometric composition on crop production and allows to increase productivity and payback of natural fertilizers to 28-42 and 21-67 % in sand, 17-26 and 25-47 % in sandy loam, 30-31 and 49-55 % in a light loam, and 11-16 and 0-35 % in middle loam soils, when compared to ZS.
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The optimization of production process in olericulture is mostly based on agrotechnologies [1] [2] [3] [4] . The time-spatial alteration of growing conditions, which is characteristic of agrophytocenoses, is associated with the weather and climate dynamics [2] , phytosanitary state [5, 6] , terrain-dependent soil differentiation [7] [8] [9] [10] [11] , initial soil heterogeneity [12] [13] [14] [15] , irregular application of fertilizers and ameliorants [15] [16] [17] , and is recorded almost everywhere [18] [19] [20] [21] . The absence of reliable estimates of soil heterogeneity is still regarded as an important reason of reduced fertilizer efficiency as it was when chemicals were intensively used (in Russia, this was happening in 1970s and 1980s) [1, 2] . The problem required new geoinformation approaches [22] [23] [24] [25] [26] and specially planned field experiments [22, 27] . Together with the experience in controlling plant nutrition, this allowed development of a concept of production process integrated control in agroecosystems [1-3, [28] [29] with the view of improving effects of fertilizers, reducing non-productive losses of biogenic elements, and environment protection [30] [31] [32] [33] .
The instruments here are precise fertilizer regime using non-generalized data of geo-reference study of soil and sowings, information technologies and precision equipment [2, 22, 27] . The non-black soil belt with a contrast and complex soil layer, pronounced heterogeneity of agrophysical and agrochemical properties, soil and climate conditions beneficial for fertilizers is classified among regions perspective for use of precision systems [1-2, 15, 27]. One of the factors defining their performance is the biological features of cultivar and variety nutrition [2, [34] [35] [36] . Due to its undervaluation, the advantage of precise fertilizer regime may not manifest itself [33] . Such systems are especially important in olericulture crops different in requirements to soil conditions and nutrition [2, [35] [36] [37] .
In the present study, we have shown for the first time that precise fertilizing allows carrying out effective vegetable farming despite strongly pronounced deviations in sod-podzolic soil fertility, with the response of different crops to such systems being individual.
The aim of the study was to experimentally assess specifics and parameters of the vegetable crop rotation in response to precise fertilizing on solpodzolic soils with lithogenic mosaic typical for non-black soil belt.
Technique. In the stationary micro-field trials (the experimental station of the Agrophysical Research Institute, Prometheus collective farm, Gdov Province, Pskov Region, 2007-2011) in the polyethylene bottomless vessels of 1 m 2 , the upper part of the soil profile was formed artificially (0-22 cm A arable soil horizon and 22-40 cm A 2 B soil horizon). For packing vessels, the sod-podzolic sandy, sandy loam, light loam and medium loam soils, of poor and good cultivation, which constitute the contrast soil structure simulating natural lithogenic mosaics [16] were sampled from the corresponding horizons. In the A arable horizon, the min-max and average pH KCl were 4.34-6.35 and 5.40, respectively, humus content (by Tyurin) was 0.92-2.50 and 1.72 %, mobile phosphorus and potassium (by Kirsanov) amounted 125-550 and 390 mg/kg and 22-400 and 209 mg/kg, respectively.
The crop rotations studied were black radish (Raphanus sativus L.) Zimnyaya kruglaya chernaya (Federal Research Center for Vegetable Growing, Russia)-potato (Solanum tuberosum L. ) Nevskii (Leningrad Research Institute of Agriculture, Russia)-beetroot (Beta vulgaris L.) Bikores (Bejo Zaden B.V., Netherlands)-cabbage (Brassica oleracea L.) Kuisor F 1 (Syngenta Seeds B.V., Netherlands)-carrot (Daucus sativus L.) Narbonne F 1 (Bejo Zaden B.V., Netherlands). The sowing (seeding) patterns were 5½30 cm (black radish), 20½60 cm (potato), 5½30 cm (beetroot), 30½60 cm (cabbage), and 3½30 cm (carrot). Good phytosanitary conditions of the sowings were maintained by manual weeding, inter-row treatment, use of fungicides and insecticides.
The two-factor experiments comprised eight factor A variants of the soil including its type (poorly or well-cultured soil) and subtype according to the granulomertic content (sand, sod-podzolic sandy, sandy loam, light loam and medium loam), and also four factor B variants of the type of organomineral fertilizing (control -0, no fertilizers; zonal fertilization system, ZS; precision fertilization system 1, PF-1; precision fertilization system 2, PF-2). In the ZS, fertilizers were introduced uniformly (based on the average soil properties) as follows: lime (4.5 t/ha) + N 95 P 20 K 125 for black radish (30 t/ha root-crop); manure (45 t/ha) + N 100 P 30 K 90 for potato (40 t/ha bulbs); N 130 P 50 K 150 for beetroot (30 t/ha root-crops); lime (2.1 t/ha) + manure (50 t/ha) + N 120 P 10 K 90 for cabbage (60 t/ha heads); N 100 P 40 K 130 for carrot (50 t/ha root-crops). In the PF-1, precise soil cultivation was carried out 2 weeks prior to sowing [16] using longacting ameliorants and fertilizers: lime (on average 6.6 t/ha, min-max 0-20 t/ha), peat (390 t/ha, 0-900 t/ha), phosphorite flour (94 kg/ha of P, 0-750 kg/ha), potassium sulfate (407 kg/ha of K, 0-1710 kg/ha). Organic and mineral fertilizers were uniformly introduced prior to sowing (planting) correspondingly to the alteration in soil properties: N 70 K 60 for black radish, manure (45 t/ha) + N 80 K 100 for potato, N 100 P 30 K 130 for beetroot, manure (50 t/ha) + N 100 P 10 K 70 for cabbage, N 100 P 10 K 120 for carrot. In the PF-2, average doses of all fertilizers equal to those in the ZS were provided, but differentiated for each pot based on actual The main and side product output was measured by weighing. The experiment was arranged in 4-fold repetition.
Responsiveness estimates were an average (M), minimum (m min ) and maximum (m max ) yields, the variation coefficient (Cv, %) and the natural payback of the fertilizer active substance. Results were processed by dispersion analysis (Statistica 7.0, StatSoft, Inc., USA). The reliability of the differences was estimated by F Fischer criterion.
Results. The studies have confirmed the high agronomic effect of differentiation in fertilizer dosages according to spatial soil heterogeneity. Yield variability in the control was 24 to 51 % (Table 1 ). In the ZS, when calculating optimal ameliorant and fertilizer dosages according to the weight-average agrochemical parameters (a group of the vessels), the crop productivity increased by 95 % compared to control, in the PF-2, with differentiated use of the identical fertilizer the value was 115 % higher compared to the control and 11 % higher than in FS. In the PF-1 with preliminary precision soil cultivation, the parameters were 122 and 14 %, respectively. As to fertilizer payback, the precision systems were superior to the zonal one (an increase by 49 % for the PF-1 and by 21 % for the PF-2). The costs of a precision soil culturing modeled for a more prolonged effect were not comprised in the calculation of payback of the PF-1.
All
cabbage, and by 5 and 16 % for carrot with 1.9-2.6-and 1.4-1.9-, 1.8-2.4-and 1.3-1.8-; 1.6-1.8-and 1.1-1.3-; 2.2-2.7-and 1.0-1.2-; 2.5-4.3-and 1.4-2.4-fold decrease in spatial variability (Cv) as compared to the control and ZS, respectively, for the same crops. 2.07 N o t e. M -average value, Cv -variation coefficient. In payback calculation, 70 % and 30 % of the NPK manure costs were attributed to the first and the second crop, respectively. For description of the fertilizer regimes see the "Technique" section.
The relative yield gain ranked the crops in an obvious decreasing series according to the response to precision fertilizer regimes, i.e. radish > carrot  beetroot > potato > cabbage. A different response was a consequence of differences both in the crop biology and in the fertilizing and agrotechnical methods. In particular, the treatment of potato and cabbage plants with high manure doses in the ZS led to the partial smoothing of the soil properties and, as a consequence, the PF-1 and PF-2 had less advantage. Thence, these crops, characterized by a high efficiency of nutrient consumption [14, [32] [33] [34] [35] , were the forth and the fifth in the series in terms of their response to differentiated use of ameliorants and fertilizers and at the maximum payback of fertilizers. As a result, combination of this factor to the biological features of edible root plants, which require soils with higher agrophysical properties, was a reliable advantage of the PF-1 over the PF-2.
The spatial heterogeneity is manifested both in poorly and well-cultured soils [13, 16, 21] . Therefore, the differentiation in the fertilizer dosages is justified in the soils of any culturing. However, if the fertilizer regimes are based on the redistribution of ameliorants and fertilizer for the benefit of poorly cultured soils, it is not always possible to maintain yield on the well-cultured level (Table  2) . Only radish, potato and carrot (the crops which are more flexible in requirements to soils) [14, 31, 33, 35] did not reduce the productivity at a reduced fertilizer and lime dosages (PF-2). Moreover, potato plants on the well-cultured soil appeared to be more sensitive to lower lime dosage (2.3 instead of 4.5 t/ha) when applied for the black radish, with a reliable increase in bulb yield (by 9 % compared to ZS). On the contrary, the productivity of cabbage and beetroot, more sensitive to nutrition condition, reliably decreased (by 6 to 9 %) with a reduction in fertilizer doses on the well-cultured part of the plot (PF-2). The same was recorded for carrot. Therefore, sensitivity of the studied crops to a reduced fertilizer doses on well-cultured soils decreased as follows: cabbage > beetroot > carrot > radish > potato. On well-cultured soil, PF-1 regime impacts the plants, except cabbage, more steadily and positively leading to 7 to 9 % increase in yield compared to ZS due to the after-effect of preliminary precise culturing. for А is 2.94; for B is 2.07; for АB is 5.86 t/ha N o t e. Cv -variation coefficient; Y -yield, YG -yield gain, P -payback of 1 kg NPK (in grain units). For description of the fertilizer regimes see the "Technique" section.
The advantage of PF-1 and PF-2 was expectably especially significant in poorly cultured soil with an increase in yield gain by 49 and 26 % for radish, 26 and 26 % for potato, 30 and 31 % for beetroot, 19 and 25 % for cabbage, 41 and 25 % for as compared to ZS. Despite the expectations, only for radish and carrot in the poorly cultured soil, the precise technology providing for complex optimization of agrophysical and agrochemical properties of all soil subtypes was more preferable than the PF-2. For potato, cabbage and beetroot under relatively beneficial weather and climate conditions, the optimization of soil properties due to the redistribution of ameliorants, organic and mineral fertilizers just prior to planting (sowing) (PF-2) appeared to be sufficient. As a result, in the crop rotation the reliable advantage of the PF-1 over the PF-2, with 18 % increase in productivity, was recorded only in well-cultured soils. In these regimes, the payback of fertilizers increased more significantly (from 15 to 40 %).
In our experiment, agrophysical heterogeneity of soils was predominantly associated with granulomertic composition. For potato, beetroot and carrot productivity the Cv values, which reflect the sensitivity to soil heterogeneity, in the control was 1.3 to 1.8 times higher in poorly cultured soil than in the wellcultured one, that for cabbage almost did not change, and that for radish decreased 1.5-fold. The pronounced distinction of the latter from the other crops is possibly associated with the peculiarities of its development in the second half of vegetation period after the soil remained semi-fallow for a long time. In this time, due to prolonged (up to mid-July) incubation, in the well-cultured sands, sandy loams, light and medium loam soils a pronounced heterogeneity in nitrogen regimen is formed due to microorganisms, which determines a high variability of yield in radish having a shortened period of active root nutrition. The precise fertilizing allowed for almost completely avoiding differences in productivity of the corps in poorly and well-cultured soils, reducing the Cv 1.5 to 1.8-fold and 2.0 to 2.3-fold, respectively.
Although the fertilizers provided a high absolute and relative yield gain for all soils, the effect of granulomertic composition was quite remarkable (Fig.) . The complex effect of this factor on yield formation had a more fundamental character. Quite in compliance with biological features and requirements of the crops [14, [33] [34] [35] , at high soil heterogeneity without fertilizing the yield of radish (19.6 t/ha) and cabbage (69.5 t/ha) was higher in the medium loam soil, the yield of potato (28.4 t/ha), beetroot (18.7 t/ha) and carrot (27.6 t/ha) was higher in light loam soil, and the minimum parameters were recorded for sand. Thus, the yields reflected the crop preferences to air and water conditions and nutrition depending on soil types as follows: medium loam > light loam > sandy loam > sand for radish and cabbage; light loam > medium loam > sandy loam > sand for potato; light loam > sandy loam > medium loam > sand for beetroot and carrot. As a whole, the productivity of crop rotation on sand substrate was minimal (17.1 t/ha g.u.) at a minimum absolute gain for ZS of 19.0 t/ha g.u. against 23.7 t/ha g.u. on other soils. The precise fertilizing have neutralized the effect of this factor, and the yield gain per rotation for PF-1 and PF-2 reached 26.2-27.5 and 24.4-26.4 t/ha g.u., respectively. Thereby, the PF-1 and PF-2 efficiency as compared to ZS was 42 and 28 % higher on sand, 26 and 17 % higher on sandy loam, 31 and 30 % higher on light loam, and 16 and 11 % higher on medium loam soil.
The variability in the yield and, correspondingly, in the crop rotation productivity also depends on soil granulomertic parameters. Thus, for radish and potato the maximum values of Cv were recorded in light and medium loam (42 to 45 and 34 to 71 %), for beetroot -in sandy loam and sand (54 to 75 %), for cabbage and carrot -in medium loam and sand (24 to 25 and 32 to 38 %) soils. Despite the commonly adopted conception of increased requirements of cabbage to agrophysical and agrochemical soil properties, its sensitivity to the granulomertic composition remained minimal. This was facilitated by normal watering of the crop under the acutely arid vegetation period in 2010. For the crop rotation as a whole, the maximum Cv values were recorded for sandy and light loam soils in the control (25 to 34 %) with minimum for PF-1 and PF-2 (1 to 10 %) and intermediate values for ZS (8 to 15 %) (irrespectively of a granulomertic composition). Thus, under high heterogeneity and lithogenic mosaic of sod-weakly podzolic soils, the precise and annually differentiated use of organic and mineral fertilizing (the PF-2 regime) or single precise use of ameliorant and subsequent uniform introduction of fertilizers (the PF-1 regime) provided an increase in the vegetable crop rotation productivity (in grain units) from 22.3 to 43.5 t/ha in control and in using zonal fertilization system (ZS) up to 47.9 to 49.4 t/ha (by 115-122 and 10-14 %, correspondingly). Thereby, the Cv values for the crop rotation productivity reduced from 32 and 16 % in the control and ZS to 9 %, and the natural payback of the fertilizers increased by 21 to 49 %. The crop response to the precise fertilizing decreased in the crop rotation as follows: radish > carrot  beetroot > potato > cabbage. A reliable advantage of the PF-1 regime over the PF-2 has been established only in edible roots (radish, beetroot and carrot). The reduction in the payback of the precise fertilizing compared to zonal one was due to uniformly introduced high doses of organic fertilizers. When developing fertilizing systems for vegetable crop rotations, one should take into the account that the crop sensitivity to optimization (reduction) of fertilizer dosages in well-cultured parts of the field reduces as follows: cabbage > beetroot > carrot > radish > potato. The precise fertilizing, owing to differentiated dosages of ameliorants and fertilizers and complex optimization of soil properties, have eliminated the effect of soil different culturing and granulomertic composition. As a result, the increase in the productivity and natural payback of fertilizers compared to those in ZS was 28 to 42 and 21 to 67 % in sand, 17 to 26 and 25 to 47 % in sandy loam, 30 to 31 and 49 to 55 % in light loam, and 11 to 16 and 0 to 35 % in medium loam soil.
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